SUMMARY
INTRODUCTION
For many years the Bureau of Yards and Docks has been concerned with resear on the forces Induced on moored vessels by waves. In such a study -unlike a larg< number of those In the field of hydrodynamics which involve consideration of signifi cantly free or fixed objects -the concern is with objects which are forced to move against the restraint of elastic type moorings.
Since, as in the hydrodynamics field in general, it is very rewarding to study at a reduced scale in the laboratory, It is necessary frequently to model the charac teristlcs of the ships moorings as well as of the ship itself, where although the technique for the latter seems well established, that for the former Is not.
To provide correlated data with which to evaluate the ability to model ships 1 mooring characteristics, a relatively small floating dry-dock, was spread moored in a simple manner, and a I to 40 linear scale model of it were caused to oscillate significantly in surge and sway In sensibly still water and the period of the free oscillations was measured. The results obtained from the model, as extrapolated to the Prototype by means of the Froude Model Law since Inertlal forces seem dominan were compared with those obtained from the Prototype.
Because an analytical approach is desired in general, considerable attention was given also to the application of basic mechanics to provide a comparlsion with results obtained from both the Prototype and the Model" By means of a tug temporarily attached to it, the Dock was displaced particular amounts in surge or sway as the case might be and then permitted to oscillate freely. The output from the chatn dynamometers was recorded as a funtlon of time so that direct measurement of both the chain tension and period of oscillation could be made. Movement of the Dock was determined as a function of time by means of direct reading by surveyors of the positions of scales attached to the Dock.
TEST FACILITIES AND PROCEDURES

PROTOTYPE
The initial tension In the chains was varied during the experiments to provide a variation In the restoring force. This was done either by waiting for the tide to vary the still water level or by changing the length of the chain. (Table I) An attempt was made to conduct the experiments only when the wind, currents and waves were at a negligible level. In the case of the latter persistent surgesthose wtth about I, 3, and 12 minute period -had to be tolerated but these, like the locally generated wind waves and the other environmental disturbances/ were not considered to have affected adversely the results obtained. In no case was It possible to obtain pure surge or sway, so that coupling at what is considered a low level had to be tolerated.
Better results were obtained with surge where the restoring forces were relatively high and period and amplitudes short than with sway where the amplitudes were very long -of the order of 15-feet -and the motion died down after an oscillation or two due to the large form resistance and low restoring force involved. . . 16 7 9 0 6 0 . 
MODEL
where c Is the vertical distance from the low point on the chain to the directrix (Figure 2-a) . With this value the horizontal component T" can be obtained simply as:
Because the chain tension (T) and not its horizontal component is measured It is necessary as a check to calculate this from'the relationship:
where y 0 Is the vertical distance from the midpoint of the line connecting the anchor and Dock ends of the chain to the low point on the catenary system (Figure 2~a ) such that:
The horizontal distance x Q corresponding to y Q Is given by:
For Case II, it Is necessary after computing the distance from the directrix to low point on chain (c) on the basis of equation (5) to calculate the run (2a) to determine whether or not this checks the assumed value. This Is done on the basis of the relationship:
When the assumed and calculated runs agree then the chain tension at the Dock end and its horizontal component are calculated as in Case I.
In general, as Indicated by a consideration of the catenary equations, the relationship between restoring force and movement will be non-linear such that for surge: where T n Is In seconds and IT Is In kips and x and y refer respectively to surge and sway. Equations (16) and (17) are not proper when initial displacements are Into the definitely non-linear range.
Kips
It Is Interesting to note that by linearizing the restoring force data over a reasonable range of initial displacements and then Introducing the slope of the restoring force-displacement line as the spring factor (k) In equation (15) It is possible (Table II) to obtain values for the natural period which agree well In many cases with those obtained by more elaborate means for the true condition which is non-linear. That reasonable agreement is obtained Is due to the fact that In this study the restoring force-displacement relationship is not strongly non-linear over a considerable range of movements. Linearizations permit natural periods to be computed relatively easily where the results obtained in many cases may be well within the accuracy desired in ordinary engineering applications.
A more complicated mooring system for the Dock, consisting of eight chains (I each fore and aft and 3 each port and starboard) each with a large concentrated load as described by Wlegel et al (1956) was studied analytically using equations (4) 
